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(54) Non-aqueous electrolyte cell 

(57) A non-aqueous electrolyte cell having high her- 
metic sealing and hermetic sealing properties and 
which is reduced in thickness. A unit cell of the non- 
aqueous electrolyte cell (1) is accommodated in a pack- 
aging material formed by a laminated film (2). The pack- 
aging material includes at least a metal layer and a heat 
fused layer arranged on an inner side of the metal layer. 
The heat fused layer is made up of aplurality of layers 
each containing the same monomeric unit. A mixed 
layer where plastic materials of the plural layers co-exist 
is formed between the plural layers such that the heat 
fused layer is in the form of a continuous film not having 
a definite boundary surface. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] This invention relates to a non-aqueous electrolyte cell in which an unit cell is housed in an exterior packag- 
ing material comprised of a laminated film. 

10 Description of the Related Art 

[0002] Recently, the tendency is towards cordlessness and portability of an electronic equipment, primarily exem- 
plified by a notebook type personal computer, and small-sized lightweight portable electronic equipments are being 
developed one after another. With increasing diversity of the electronic equipment, power consumption is increased, 
15 such that a demand for a high-capacity cell, as an energy source of the electronic equipment, in particular the second- 
ary cell, is increasing. 

[0003] Among the secondary cells, used up to now, there are a lead storage cell and a nickel/cadmium cell. As new 
secondary cells, nickel/hydrogen cell or lithium ion cell, are being actually used. These secondary cells, however, use 
a liquid as the electrolyte, and hence suffers the problem of liquid leakage from the cell. 
20 [0004] For overcoming this problem, a polymer lithium ion secondary cell, employing a high molecular gel swollen 
by the electrolytic solution as the electrolyse, has been devised. With the development of the polymer lithium ion sec- 
ondary cell, the problem of liquid leakage from the cell is eliminated to allow to realize a small-sized and lightweight thin- 
type secondary cell having a high energy density. 

[0005] The structure of the polymer lithium ion secondary cell is now explained. On a positive electrode current col- 
25 lector, constituted by a thin aluminum sheet, an active material composed of, for example, LiCo0 2 and graphite, is lay- 
ered to constitute an electrode. On a negative electrode current collector, constituted by a thin copper sheet, an active 
material composed of, for example, carbon, cokes or graphite, is layered, to constitute another electrode. In-between 
the electrodes, there is arranged a separator, as a thin porous film. In-between the electrodes and the separator, a high 
molecular gel-like electrolyte, such as polyacrylonitrile (PAN), polyethylene oxide (PEO) or polyvinylidene fluoride 
30 (PVDF) is charged to complete a unit cell of a sandwich structure. 

[0006] The unit cell, having the sandwich structure, is encapsulated in an packaging material, as an packaging ves- 
sel, comprised of a metal thin film, such as an aluminum foil, and a plastic film of, for example, nylon, polyethylene, poly- 
propylene or polyethylene terephthalate. 

[0007] In general, this type of the cell is loaded in a small spacing of the electronic equipment where component 
35 parts are integrated to a high packing density, and hence an exterior packaging material exhibiting high flexibility to all 
sorts of stress is desirable. The present inventors have already developed a method for manufacturing a card type cell 
in which the unit cell is encapsulated by a highly flexible packaging material while the cell characteristics are maintained 
( Japanese Laying-Open Patent H-8-83596). 

[0008] There is also disclosed in Japanese Laying-Open Patent H-8-101356 a technique in which an insulating 
40 layer having superior barrier characteristics with respect to the electrolytic solution is interposed between a heat-sealing 
plastic layer as the innermost layer and a metal layer of the packaging pouch to improve the packaging properties for 
the electrolytic solution. 

[0009] However, the more the number of layers of the layered structure of the exterior packaging material, as in the 
method described in the Japanese Laying-Open Patent H-8-1 01 356, the lower tends to become the reliability in the her- 
45 metic sealing performance of the cell, due to, for example, gas intrusion from the bonding interface of respective layers 
or exfoliation of the interfacial bonding portions. 

[0010] Since an adhesive layer with a thickness of a least 5 \im is required for bonding the respective layers, the 
entire layer thickness is increased, thus increasing the amount of the gas transmitted from the inner layer in its entirety. 
[001 1] It has, therefore, been desired to develop a thin cell packaging material exhibiting high hermetic sealing and 
so bonding properties. 

SUMMARY OF THE INVENTION 

[001 2] It is therefore an object of the present invention to provide a thin type cell packaging material exhibiting high 
55 hermetic sealing and bonding properties. 

[0013] It is another object of the present invention to provide a non-aqueous electrolyte cell having high reliability 
and which can further be reduced in thickness. 

[0014] According to the present invention, there is provided a non-aqueous electrolyte cell having high hermetic 
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sealing and hermetic sealing properties and which is reduced in thickness, in which a unit cell is accommodated in a 
packaging material formed by a laminated film. The packaging material includes at least a metal layer and a heat fused 
layer arranged inwardly thereof, while the heat fused layer is made up of a plurality of layers each containing the same 
monomeric unit. 

5 [0015] The packaging material of the present invention is of a multi-layered structure even although there is no 
adhesive layer inwardly of a metal foil portion. That is, the portion of the packaging material lying inwardly of the metal 
foil portion is a plastic material presenting a continuous layer structure. This continuous layer structure is composed of 
such materials having analogous molecular skeleton and which is able to be chemically bonded or mixed together, such 
as homopolymers or copolymers, thus forming a layered structure difficult to exfoliate by physical means. The materials 

10 of the layered structure are of respective different physical properties, such that superior hermetic sealing properties 
can be realized by combining a material having superior resistance against the electrolytic solution and a material hav- 
ing superior heat sealing properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[001 6] 

Fig. 1 is an exploded perspective view showing an illustrative structure of a solid electrolyte cell embodying the 
present invention. 

20 

Fig. 2 is a schematic perspective view showing the illustrative structure of the solid electrolyte cell shown in Fig. 1 . 
Fig. 3 is a cross-sectional view showing an illustrative structure of a packaging material. 
25 Fig.4 is a schematic cross-sectional view showing an illustrative structure of a heat fused layer. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0017] Referring to the drawings, the structure of a non-aqueous electrolyte cell embodying the present invention 
30 is explained in detail. 

[0018] The non-aqueous electrolyte cell of the present invention is a solid electrolyte or gel-like electrolyte cell and 
is comprised of a unit cell 1 encapsulated in a packaging material 2 of a laminated film, as shown in Figs. 1 and 2. The 
unit cell 1 is comprised of the solid electrolyte or the gel-like electrolyte arranged between a layer of an active material 
for the positive terminal and a layer of an active material for the negative terminal. The unit cell 1 has its rim portion heat- 
35 sealed so as to be encapsulated in the packaging material 2. 

[0019] The unit cell 1 is provided with a negative terminal lead 3, electrically connected to a negative electrode of 
the unit cell 1 , and with a positive terminal lead 4 , electrically connected to a positive electrode of the unit cell 1 , these 
leads 3, 4 being led out from the packaging material 2. 

[0020] The packaging material 2, used in the present invention, is comprised of plastic films 22, 23, bonded to a 
40 thin metal film 21 , as shown for example in Fig.3. The plastic film 22 of the innermost layer is used for encapsulation by 
heat fusion on packaging the unit cell 1 , and corresponds to the heat-fused layer. 

[0021] The plastic film 23 of the outermost layer, preferably formed of a plastic material, having superior strength, 
such as nylon or polyethylene terephthalate (PFT), is preferably not less than 30 jum in thickness, if it is formed of nylon. 
However, there is no particular limitation to the thickness provided that a sufficient strength of the packaging material is 
45 assured and corrosion of the metal foil portion is prohibited from occurring. The thin metal film 21 , formed of a metallic 
material, having excellent resistance against gas transmittance, such as aluminum, is preferably not less than 25 |nm in 
order to assure sufficient resistance against gas transmission. 

[0022] The plastic film 22, constituting a layer lying inwardly of the thin metal film 21 , is formed of a plastic material 
having the same monomeric unit in its skeleton structure. By having the same monomeric units in the skeleton struc- 
50 ture, the respective plastic materials are increased in interiacial affinity to allow to constitute a continuous layer by a sim- 
plified processing, such as heat fusion, without the necessity of using an adhesive. 

[0023] Specifically, the plastic layer 22 lying inwardly of the thin metal film 21 is to be comprised of at least one layer 
having superior resistance against gas transmission and at least one layer exhibiting superior fusion on heating, in 
order to maintain hermetic sealing properties of the cell. That is, the plastic layer 22 is preferably a multi-layered plastic 
55 material at least one layer of which is of such properties that, if the layer is 25 jum in thickness and placed for 24 hours 
at a temperature of 40°C and a RH of 90%, the amount of steam transmitted therethrough is 10 g/m 2 or less and pref- 
erably 6 g/m 2 or less. Also, in the material of such at least one layer of the multi-layered plastic material, the dynamic 
viscoelasticity at a temperature within 5°C from the melting point of the material is preferably 1 5% or less and more pref- 
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erably 13% or less. If the dynamic viscoelasticity is lower than the above range, or exhibits the breaking behavior, it is 
poor in fusion to lower the reliability of the hermetic sealing properties of the cell. If the dynamic viscoelasticity is higher 
than the above range, the layered structure of the heat-fused portion tends to be destroyed. 

[0024] Fig.4 schematically shows the structure of the plastic film 22. Between different layers 22a, 22b, there is a 
5 mixed layer 22c where the plastic materials of the layers 22a, 22b exist together, such that the plastic film 22 represents 
a continuous film exhibiting no clear boundaries. 

[0025] The innermost layer 22a is formed of a material having the dynamic viscoelasticity not higher than 1 5% at a 
temperature within 5°C as from the melting point as described above. The layer 22b on the opposite side is formed of 
a plastic material in which the amount of steam transmitted therethrough when a film of the material is placed for 24 

10 hours in an environment of the temperature of 40°C and a RH of 90% is not larger than 10 g/m 2 . 

[0026] The plastic material satisfying the above condition is preferably a plastic material having polypropylene as a 
main skeleton. The layer having superior resistance against gas transmission is of a polypropylene polymer based 
material having an average molecular weight of not less than 150,000 and preferably not less than 180,000. The layer 
having superior heat fusion properties is of a polypropylene copolymer based material. The copolymer ic component of 

15 the copolymer is preferably polyethylene, with the relative amount of polyethylene to polypropylene being not less than 
3 wt% and preferably not less than 5 wt%. With the polyethylene content higher than this range, problems are raised in 
connection with resistance against the electrolytic solution or strength in film molding. With the polyethylene content 
lower than this range, the dynamic viscoelasticity is not lowered sufficiently. 

[0027] In case of the solid electrolyte cell or the gel-like electrolyte cell, the high molecular material used for the 
20 high-molecular solid electrolyte of the unit cell 1 may be enumerated by silicon gel, acrylic gel, acrylonitrile gel, 
polyphosphasen modified polymer, polyethylene oxide, polypropylene oxide, and compound, cross-linked or modified 
polymers thereof, fluorine-based polymers, such as poly (vinylidene fluoride), poly (vinylidene fluoride -co- hexafluoro 
propylene), poly(vinylidene fluoride -co- trifluoro ethylene), and mixtures thereof, only byway of examples. 
[0028] The solid electrolyte or the gel-like electrolyte, layered on the layer of the active material for the positive elec- 
25 trode or on the active material for the negative electrode, is obtained on impregnating the layer of the active material for 
the positive electrode or the active material for the negative electrode with a solution composed of a high molecular 
compound, an electrolyte salt and a solvent (with a plasticizer in the case of the gel-like electrode), removing the solvent 
and solidifying the resulting mass. The solid electrolyte or the gel-like electrolyte, layered on the layer of the active mate- 
rial for the positive electrode or on the active material for the negative electrode, has its portion solidified by being 
30 impregnated in the active material for the positive electrode or the active material for the negative electrode. If the high 
molecular material of the cell element 2 is cross-linked, it is subsequently solidified on being cross-linked with light or 
heat. 

[0029] The gel-like electrolyte is composed of a lithium salt containing plasticizer and not less than 2 wt% to 30 wt% 
or less of a matrix high molecular material. It is noted that esters, ethers or carbonic acid esters may be used alone or 

35 as an ingredient of the plasticizer. 

[0030] As the matrix high molecular material, used for gelating these carbonic acid esters in preparing the gel-like 
electrolyte, a variety of high molecular materials used for constituting the gel -like electrolyte may be used. In view of 
reduction/oxidation stability, it is desirable to use a fluorine-based high molecular material, such as, for example, poly 
(vinylidene fluoride) or poly (vinylidene fluoride -co- hexafluoro propylene). 

40 [0031] The high molecular solid electrolyte is composed of a lithium salt and a high molecular compound for dis- 
solving the lithium salt. As the a high molecular compound, ether-based high molecular compounds, such as polyeth- 
ylene oxide) or cross-linked compounds thereof.poly(methacrylate) esters, acrylates, or fluorine-based high molecular 
compounds, such as poly(vinylidene fluoride) or poly(vinylidene -co- hexafluoro propylene), may be used alone or as a 
mixture. In view of stability in oxidation/reduction, fluorine-based high molecular compounds, such as poly(vinylidene 

45 fluoride) or poly(vinylidene -co- hexafluoro propylene), may preferably be used. 

[0032] As the lithium salts to be contained in the gel-like electrolyte or high-molecular solid electrolyte, those used 
in a routine cell electrolytic solution may be used. Only by way of examples, the lithium compounds (salts) may be enu- 
merated by lithium chloride, lithium bromide, lithium iodide, lithium chlorate, lithium perchlorate, lithium bromate, lithium 
iodate, lithium nitrate, tetrafluoro lithium borate, hexafluoro lithium phosphate, lithium acetate, bis(trifluoromethane sul- 

so fonyl) imido lithium, LiAsF 6 , LiCF 3 S0 3 , LiC(S0 2 CF 3 ) 3 , LiAICI 4 and LiSiF 6 . 

[0033] These lithium compounds may be used alone or in combination. Of these, LiPF 6 and LiBF 4 are desirable in 
view of oxidation stability. 

[0034] The concentration of lithium salts is 0.1 to 3.0 mol per liter and preferably 0.5 to 2.0 mol per liter of the plas- 
ticizer. 

55 [0035] The cell element 2 of the non-aqueous electrolyte cell 1 according to an embodiment of the present inven- 
tion may be constructed in the same way as in a conventional lithium ion cell except using the above-described gel-like 
electrolyte or solid electrolyte. 

[0036] That is a, such a material that is able to dope/undope lithium can be used as a negative electrode material 
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of a lithium ion cell. The constituent material for the negative electrode, such as a carbon material, for example, a diffi- 
cultly graphizable carbonaceous material or graphite material, may be used. More specifically, carbon materials, includ- 
ing pyrocarbon, cokes (pitch cokes, needle cokes or petroleum cokes), graphite, vitreous carbons, sintered organic high 
molecular compounds (phenolic resins or furane resins, fired and carbonified at a moderate temperature), carbon fib- 
s ers, and activated charcoal, maybe used. Other materials that can dope/undope lithium include high molecular com- 
pounds, such as polyacetylene or polypyrrole, or oxides, such as Sn0 2 , may be used. In preparing a negative electrode, 
known types of binders may be added, if desired. 

[0037] The positive electrode may be constructed, using high molecular compounds, such as metal oxides, metal 
sulfides or specified high molecular materials, as the active material for the positive electrode, depending on the type 

10 of the cell to be prepared. If, for example, a lithium ion cell is to be prepared, lithium-free metal sulfides or oxides, such 
as TiS 2 , MoS 2 , NbSe 2 or V 2 0 5 ,or compound oxides of lithium, mainly composed of LiM0 2 , where M denotes at least 
one of transition metals and x is usually 0.05 to 1 .10 depending on the charging/discharging state of the cell, may be 
used as the active material for the positive electrode. The transition metal M of the compound oxide of lithium is prefer- 
ably Co, Ni or Mn. Specified examples of the compound oxide of lithium include LiCo0 2 , LiNi0 2 , LiNi y Coi_y0 2 , where 

is 0 < y < 1 , or LiMn 2 0 4 . The compound oxide of lithium is able to develop a high voltage and serves as an active material 
for the positive electrode having a superior energy density. Plural sorts of the active material for the positive electrode 
maybe used for the positive electrode. In preparing a positive electrode, known types of electrically conductive materials 
or binders may be added, if desired. 

[0038] Examples of the structures of the unit cell 1 include a stacked type, in which the positive and negative elec- 
20 trodes are alternately stacked with the solid electrolyte in-between, a wound type in which the positive and negative 
electrodes are stacked with the solid electrolyte in-between and wound to form a wound assembly, and a collapsed type 
in which the positive and negative electrodes are stacked with the solid electrolyte in-between and collapsed alternately. 
[0039] The present invention is applicable to the primary cell or to the secondary cell, as desired. However, utmost 
effects may be realized if the present invention is applied to the non-aqueous electrolyte secondary cell. 

25 

Examples 

[0040] Specified Examples for carrying out the present invention and Comparative Examples are hereinafter 
explained on the basis of experimental results. 
30 [0041 ] The unit cell used for evaluation is of a sandwich structure in which the positive electrode is lithium cobaltate 
and graphite, the negative electrode is graphite, the positive electrode current collector is an aluminum foil, the negative 
electrode current collector is a copper foil, and the solid electrolyte is polyvinyl idene fluoride (PVDF), with the outer size 
and the capacity of the unit cell being 5 cm by 4 cm by 0.4 cm and 450 mAh, respectively. 

[0042] Each unit cell 1 is packaged in each packaging material in such a manner that terminals can be derived to 
35 outside, with lateral sides of the unit cell being sealed at 21 0°C and 3.5 kgf/cm 2 , with a sealing width of 5 mm. 

[0043] In the packaging material, the first layer, as a layer towards the metal foil, is of polypropylenehomopol- 
myer(PP), with a number average molecular weight of 182,000 and a melting point of 180°C, and is stretched to a film 
having a thickness of 20 urn. The second layer, as a fused layer, is of polypropylene copolymer (CPP), with a number 
average molecular weight of 155,000 and a melting point of 143 °C, with the polyethylene content of 4 wt%, and is 
40 stretched to a film having a thickness of 1 2 jam. These two films were pressure-bonded to each other, at 200°C and 5.0 
kgf/cm 2 , to form a film having continuous layers, substantially free of the film-to-film interface (PP-CPP, with a thickness 
of 30 urn). 

[0044] The molded PP-CPP film e\was stuck by an extruder to an aluminum (Al)film, 40 in thickness, to give a 
packaging material. In similar manner, a nylon film (Ny) with a thickness of 25 |im was stuck for use as a packaging 
45 material. 

[0045] By a similar technique, the structure of the packaging material was varied as shown in Table 1 to prepare 
sample cells 1 to 5. In Table 1, LDPE and PET denote a low-density polyethylene and polyethylene terephthalate, 
respectively. 

[0046] The sample cells, prepared as described above, were maintained for 500 hours in a constant temperature 
50 vessel at 70°C and measurements were made of the amount of the vaporized electrolyte ingredients and the amount 
of intruded moisture, while the state of exfoliation of the respective layers was checked. The results are shown in Table 
1. 
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Table 1 
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sample 5 
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22 
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20 

[0047] In the sample cell 1 of the present invention, sufficient hermetic sealing is maintained, even if the thickness 
of the packaging material is reduced, such that the vaporized amount of electrolyte ingredients is extremely small, while 
interfacial exfoliation is not noticed. 

25 Claims 

1 . A non-aqueous electrolyte cell in which a unit cell is accommodated in a packaging material formed by a laminated 
film, 

wherein 

30 

said packaging material includes at least a metal layer and a heat fused layer arranged inwardly thereof; 
said heat fused layer being made up of a plurality of layers each containing the same monomeric unit. 

2. The non-aqueous electrolyte cell according to claim 1 wherein a mixed layer where plastic materials of said plural 
35 layers co-exist is formed between said plural layers such that said heat fused layer is in the form of a continuous 

film not having a definite boundary surface. 

3. The non-aqueous electrolyte cell according to claim 2 wherein said heat fused layer has a thickness of 20 to 40 ^m. 

40 4. The non-aqueous electrolyte cell according to claim 1 wherein the innermost one of the plural layers of the heat 
fused layer is formed of a plastic material having the dynamic viscoelasticity within 5°C as from the melting point is 
not higher than 15%. 

5. The non-aqueous electrolyte cell according to claim 1 wherein said heat fused layer includes a layer of a plastic 
45 material such that, if a film 25 jam in thickness, formed of said plastic material, is placed for 24 hours in an environ- 
ment of the temperature of 40°C and a RH of 90%, it transmits steam in an amount of 10 g/m 2 or less. 

6. The non-aqueous electrolyte cell according to claim 1 wherein said layer is made up of a polypropylene or propyl- 
ene copolymer containing propylene as a monomeric unit. 

50 

7. The non-aqueous electrolyte cell according to claim 6 wherein said propylene copolymer contains ethylene as a 
copolymer component. 

8. The non-aqueous electrolyte cell according to claim 1 wherein the electrolyte of the unit cell is a gel-like electrolyte 
55 or a solid electrolyte containing lithium salts and a matrix high polymer. 

9. The non-aqueous electrolyte cell according to claim 1 wherein the negative electrode of the unit cell contains a 
material capable of doping/undoping lithium. 
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10. The non-aqueous electrolyte cell according to claim 9 wherein the material capable of doping/undoping lithium is a 
carbon material. 

1 1 . The non-aqueous electrolyte cell according to claim 1 wherein the positive electrode of the unit cell contains a com- 
pound oxide of lithium and a transition metal. 
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